Balancing the Influence of Driving and Restricting Factors to Use Active Learning Abstract
Several change models have stages where faculty decide to adopt, persist, or abandon using alternative teaching approaches. While there have been several studies that identified key barriers and driving factors to implement evidence-based practices, there has been little focus on exploring the relational balance between these factors. Therefore, this study examines the following research questions: 1) How do faculty perceive the balance between driving and restricting factors to implement active learning? 2) What professional demographics are significant factors for the implementation of active learning instructional practices?
Utilizing a quantitative methodology, engineering faculty completed a force-field analysis to determine their overall balance to implement evidence-based instructional practices in their courses. Analyses included a scoring of decisional balance that identified if respondents were more toward or against the implementation of active learning and a factor analysis that identified which driving and restricting factors and faculty demographics significantly impacted the usage of active learning. In comparison to past studies on the usage of active learning and barriers to implementation, respondents only viewed time as a restricting factor, however not statistically significant to the stage of change advancement. Instead the availability of physical resources, self-confidence and work load were key factors impacting stages of change. These findings support the importance of recognizing institutional context when examining the factors that can support institutional change. Additionally, these findings identify areas where support can be given to implement evidence-based instructional practices when assessed by a college or department.
Introduction: Active Learning and Adoption of Evidence Based Instructional Practices (EBIPs)
Some faculty have concerns about implementing evidence based instructional practices (EBIPs) like active learning in the classroom. This may be due to misconceptions around what active learning is, why it is useful, and how to implement it. In Froyd et al. 1 survey, one respondent mentioned that the cost of clicker systems discouraged the faculty from implementing active learning. Contrary to the faculty member's belief, resources and preparation time for active learning were among the lowest of all the EBIPs. Additionally, active learning had the highest level of awareness and lowest level of discontinuation.
Two primary research questions stem from engineering education literature regarding driving and restricting factors to using active learning instructional practices: levels of awareness of these practices and barriers to adoption of these practices 1 . The literature supports sources of initial awareness of active learning instructional practices including learning from colleagues and through literature and research conferences. For example, faculty have reported using active learning and collaborative learning because these two instructional practices "have been advocated in the literature for over twenty years," 2 . The literature cites two common barriers to adoption: class time and preparation time. Driving factors primarily stem from faculty seeing active learning used by other faculty members.
Perceptions of required class time and preparation time likely influence the link between awareness and adoption for active learning strategies 3 . Froyd et al. 1 suggest that RBISs with low adoption levels are either not mature enough or will never receive full adoption. Thus, an understanding of the barriers (or, restricting factors) to adopting active learning instructional practices is presented.
Decisional Balance
Several studies addressing educational change have applied strategies and change theories yielding moderate success [4] [5] [6] [7] [8] . The two most commonly referenced stage-based models, Diffusion of Innovation (DOI) 10 and Concerns-Based Adoption Model (CBAM) 11 , have been used in engineering education to map the process that faculty proceed through when they become aware of a specific instructional technique to their eventual adoption of the technique. A more recent model, the Transtheoretical Model of Health Behavior Change (TTM), proposed by Pembridge et al 8 , identifies a stage before awareness where the faculty do not perceive a reason to change. In each of these models there is a stage where the faculty must make a decision to implement a specific instructional technique. DOI represents this stage as "decision", CBAM as "personal management", and "consequence", and in TTM it is represented by the "contemplation" stage ( Table 1) . Another perspective on task value is seen in the decisional balance (weighing pros and cons) that is often categorized in the rational component of the dual process of decision-making, where high attainment value, intrinsic value, and utility value are recognized as driving factors, and relative costs are restricting factors when making a decision. This perspective is also seen in the decisional balance associated with TTM and the decision to make health behavioral changes. As summarized by Matusovich et al. 9 , in a review of literature on Expectancy Value Theory and the adoption of teaching practices, all four categories are observed in faculty decisions regarding instructional approaches 10 . This perspective was also seen in Finelli et al.'s 11 focus group of faculty: expectancy was clustered around knowledge and skills of effective teaching; attainment was related to the student experience, including student learning attentiveness and participation; a passion for teaching was related to intrinsic value; and time was most associated with the cost value. Other cost values can also be attributed to with faculty self-identified barriers including: student attitudes toward school; expectations of content coverage; lack of instructor time; department norms; student resistance; class size and layout; and time structure 11, 12 .
Barriers (Restricting Factors) to Adoption
Barriers to adoption of EBIPs are described in several engineering disciplines. For example, Froyd et al. 1 survey of more than 120 faculty members teaching core electrical and computer engineering courses identified class time as a barrier to adoption of EBIPs: "Respondents are concerned that use of class time is a threat to content coverage." Time is a significant barrier to adoption, as it limits time to cover course material in class and requires preparation time outside of class 2 .
Class time and preparation time were also two of the most frequently mentioned barriers to adoption of active learning strategies among faculty members who teach core chemical engineering courses 3 and physics 14, 15 . Other barriers included:  Large course enrollment 1, 16  Language, as noted in Wieman and Deslauriers' 17 study of use of research-based instructional strategies (RBIS) among physics faculty members. The study identified a faculty member "whose fluency in English was limited and [the faculty] was far more comfortable giving a pre-prepared lecture that they could write out ahead of time."  Situational factors. Henderson and Dancy 12 note that faculty favor traditional instruction over active learning due to situational factors (room layout, time structure (i.e. semesters vs. quarters), and departmental norms).
Additional barriers to adoption include lack of evidence to support the efficacy of the instructional practice 1, 2 , lack of student support of the research-based methods (student resistance) 12 , resistance from administration, and lack of resources.
Driving Factors to Adoption
Knowledge and awareness of EBIPs has increased considerably over the past 10 years, however, to improve engineering education an understanding of what drives (or would drive) faculty to adopt these practices and how to use them is key 3 . Effort is needed to support faculty who are driven to adopt EBIPs. Prince et al. 3 further assert, "most likely faculty will need to be supported in customizing an instructional strategy for their situation."
Froyd et al. 1 identified annual reviews as a driving force for electrical and computer engineering faculty to adopt EBIPs, citing a survey respondent mentioning an increase in their likelihood of using EBIPs if recognition (i.e. annual reviews) were received. Additionally, faculty are driven to adopt active learning instructional practices by way of funding from local institutional centers for teaching and learning (CTL), departmental encouragement, and because of their experiences as a student 18, 19 .
Research Questions
This study seeks to examine how faculty at a primarily teaching institution rate the relative importance of how driving and restricting forces impact their use of evidence-based instructional practices. Therefore, this study examines the following research questions: 1) How do faculty perceive the balance between driving and restricting factors to implement active learning? 2) What professional demographics are significant factors for the implementation of active learning instructional practices?
Methods
The overarching project from this study utilized a sequential mixed methods design, where STEM faculty were interviewed, video recorded while teaching, and surveyed in order to explore their usage of evidence-based instructional practices and the factors that drive or restrict their use. The methods identified in this paper focus on the quantitative survey data collected, specifically from engineering faculty.
Survey Design
The study presented in this paper utilizes quantitative data from a survey distributed to faculty in the College of Engineering at a medium sized, primarily teaching Science, Technology, Engineering, and Mathematics (STEM) focused institution. The survey included five primary sections: 1) stage of implementation for evidence-based instructional practices, 2) Likert-scale items for identified driving and restricting factors to implement evidence-based instructional practices, 3) key research areas, 4) professional demographics, and 5) the Teaching Practices Inventory (TPI) 20 .
The first section of the survey required survey respondents to self-report on their current implementation of evidence-based instructional practices, including active learning, on a scale derived from the Transtheoretical Model of Health Behavior Change which includes: precontemplation, contemplation, preparation, action, maintenance, termination, and relapse. In order to facilitate the respondents' interpretation of these stages, the terms were re-named and provided with definitions ( Table 2) . Each of these terms and definitions were developed from the interview responses collected in an earlier stage of the study. The second section of the study required respondents to relatively rate how much specified factors affect their drive or restriction to implement evidence-based instructional practices using a force-field methodology. Force-field analysis is a technique to visually identify and analyze forces affecting a situation in order to plan for positive change 21 . In the past, force-field analysis has been used in a variety of contexts, including business management 22 , nursing management 23 , implementation of technologies 24 , engineering problem analysis 25 , and, specifically in education, with respect to persistence of women in engineering 26 and in developing curricula based on industry needs 27 . In this survey respondents were required to indicate the relative impacts using the following scale: (-5) to (-1) restricts usage, (0) no effect, or (1) to (5) encourages usage.
The driving and restricting factors included in these items were identified from prior studies regarding barriers to changes in teaching practices and prior interviews with the respondents. The results to this section of respondents from engineering indicated a reliability through, Cronbach alpha of 0.869 and that the items explained a cumulative 70% of the variance in the items loading on six main factors (Table 3) . These factors closely aligned with the categories identified by Finelli et al. 30 . The full results of the exploratory factor analysis can be seen in the Appendix.
Additional sections included survey items to identify faculty professional demographics and the Teaching Practices Inventory (TPI) developed by Weimann 20 . The TPI was primarily used as validation to the self-reported items in section one of the survey and respondent interview responses and observations.
Participants
Sixty-four faculty responses were collected during the fall 2015 semester for a total response rate of 69% within the college of engineering. The College of Engineering is comprised of four degree granting departments: Aerospace Engineering (AE), Civil Engineering (CE), Electrical, Computer, Software and Systems Engineering (ECSSE), Mechanical Engineering (ME); and a non-degree first-year engineering department (FYE). Although the University is primarily teaching focused, several respondents indicated research responsibilities, which have been shown to be a barrier to research productivity when referring to time restrictions. 
Analysis
Each of the items from the section addressing the respondent's self-reported stage of change and relative weighting of driving and restricting factors was analyzed using descriptive statistics. A regression was also conducted to determine the statistically significant factors related to stage of change advancement for the use of active learning. Stage of change for active learning was chosen as the dependent variable as it represents a common overarching evidence-based instructional practice defined as any instructional approach that does not solely require the students to passively listen, observe and take notes; encompassing the other evidence-based instructional practices. The independent variables included responses to the relative Likert-scale items for driving and restricting factors identified in Table 3 and the professional characteristics including number of classes taught per term, typical level of course taught, number of students taught per class, years experience teaching, academic rank, and tenure status.
Findings

Stages of active learning implementation
An examination of the distribution of all engineering respondents to the stage of usage of active learning in their current teaching shows a positive shift towards the usage of active learning as over 80% of the respondents indicated that they utilized some implementation of active learning in their courses (Figure 1, Figure 2) . A review of the interviews conducted on a subset of survey participants showed that the first-year engineering and senior design faculty regularly engage their students in hands-on and team projects as expected. The second and third-year engineering faculty described using active learning techniques that include students solving problem sets in class individually and in small student groups. Additionally it is expected that the high number of maintenance and termination responses and low pre-contemplation and contemplation responses are a direct result of response bias. A review of non-respondents indicated that they rarely attended professional development sessions offered by the local center of teaching and learning over the past three years. It is also interesting to note that the lowest selected stage of use is preparation (currently developing plans/curriculum to implement the instructional practice in a course). Less than 10% of faculty in electrical and computer engineering and mechanical engineering are in the preparation stage and 0% of aerospace and civil engineering faculty indicated that their use of active learning were in the preparation stage.
Driving and restricting factors for implementation
Collectively, respondents indicated positive distribution towards the implementation of evidencebased instructional practices (Figure 3) , which corresponds to the distribution of active learning usage seen in Figure 1 . As seen in previous studies, preparation time and class time needed to implement active learning were two factors negatively influencing respondents' usage. However, in contrast to the previous studies, neither end of course evaluations, student expectations of teaching, nor the administration's expectations of teaching contributed to faculty members either being driven to or restricted from using evidence-based instructional practices. These findings emphasize the importance that institutional context plays when understanding and supporting institutional change. In Figure 3 the medians are reported for driving and restricting factors for faculty respondents to implement evidence-based instructional practices. Due to several small Ns by sub-classifications of department and stage of change distribution, medians are used to describe the results in order to limit data skew from outliers and the use of Likert-type items. Figure 3 shows that student engagement in class and faculty/student interaction were two of the most significant driving forces to implementing active learning, suggesting faculty in the college of engineering have a desire to engage their students in the classroom and are willing to utilize and modify teaching techniques that will allow them to accomplish that.
When examining how these forces along with professional characteristics affect which stage of change faculty are involved in, a significant regression equation was found (F(27,30) = 2.177, ρ < .05) with an R 2 of .662. The following factors were found to significantly influence faculty usage of active learning:
 Availability of physical resources (equipment, technology, supplies, etc.) (B = -.706, p < .01)  Self-confidence to implement alternative teaching techniques (B = .486, p < .01)  Number of classes taught per term (B = -.508, p < .005)  Number of students enrolled in the class (B = .444, p < .05) Availability of physical resources is neither a driving nor restricting force among respondents when they are at the pre-contemplation stage (without any interest in implementing an evidencebased instructional practice) (Figure 4 ). Once the respondent begins to contemplate using a practice there is a sense that the physical resources are more than adequate, however as the practice becomes more standardized the resources begin to become a limitation. Following a similar pattern, respondents identified a steady increase in self-confidence to implement the practice as they advanced from pre-contemplation to the stage of preparation where faculty take steps to learn about the approach and develop a plan. However, there is a slight decrease in self-confidence during the action and maintenance phases where faculty are implementing the activity for the first time and continual modification of the approach. By the time the respondent has made the activity a standardized component of the course, their selfconfidence is at a similar level as it was during the preparation stage.
The other two significant factors identified in the regression were related to teaching workload of the faculty indicated by the average number of course sections taught per term and the average number of students enrolled in each course. Based on the trends shown in Figures 5 and 6 , faculty tend to reach standardization of a specific implementation of active learning as they approach a teaching load that is closer to two vs. three sections. For the sample under investigation in this study, it should be known that non-tenure track faculty typically teach four sections per term, whereas tenured and tenure-track faculty typically teach 3 courses. These are standardized course loads for the College of Engineering and can be decreased by one course as a result of excessive research or service requirements. Time to implement and prepare for the usage of evidence-based instructional practices was not statistically significant, and the average course load is related to that metric. The number of students per course was also an indicator of workload. However, as the respondents advanced through the stages the average number of students marginally increases. Despite this item being statistically significant, there is little practical difference between 22 and 24 students. The lower number of students in courses by faculty who classified their usage of active learning in the preparation stage can be a result of the low number of preparation respondents. 
Conclusion
This study explored two research questions: 1) How do faculty perceive the balance between driving and restricting factors to implementing active learning? 2) What professional demographics are significant factors for the implementation of active learning instructional practices? To answer these research questions the authors employed a quantitative methodology whereby sixty-four faculty responses were collected through a four-part survey. The survey included stages of implementation for EBIPs, items for driving and restricting factors to implement EBIPs, research, and professional demographics.
The results of this survey showed that over 80% of the faculty respondents use active learning in their classrooms, suggesting a positive shift towards the usage of active learning instructional practices. These respondents were primarily first-year engineering and senior design faculty implementing project-based learning in their courses. As expected class time needed to implement active learning and preparation time were two barriers to faculty implementing active learning. Significant driving factors included faculty/student interaction and student engagement. In terms of professional characteristics affecting faculty stages of change, availability of physical resources, self-confidence to implement alternative teaching techniques, number of classes taught per term, and number of students enrolled in the class were significant influences.
Potential limitation to the generalizability of these findings include the use of self-reported data on faculty stages and implementation of active learning and the institutional culture towards teaching and support for active learning instructional practices. In general, the institution being studied supports a center for teaching and learning that offers departmental support, new faculty assistance, consulting, and internal funding to encourage faculty to implement active learning instructional practices. This internal funding has supported faculty to implement pedagogical approaches that emphasize active learning, collaborative learning, and inquiry-based approaches.
